BACKGROUND AND OBJECTIVES:
Despite the significant burden of delirium among hospitalized adults, there is no approved pharmacologic intervention for delirium. This systematic review evaluates the efficacy and safety of pharmacologic interventions targeting either prevention or management of delirium.
DATA SOURCES:
We searched Medline, PubMed, the Cochrane Register of Controlled Trials, and the Cumulative Index to Nursing and Allied Health Literature (CINAHL) information systems from January 1966 to October 2008. We included randomized, controlled trials comparing pharmacologic compounds either to each other or placebo. We excluded non-comparison trials, studies with patients aged < 18 years, a history of an Axis I psychiatric disorder, and patients with alcohol-related delirium.
REVIEW METHODS:
Three reviewers independently extracted the data for participants, interventions and outcome measures, and critically appraised each study using the JADAD scale.
RESULTS:
We identified 13 studies that met our inclusion criteria and evaluated 15 compounds: second-generation antipsychotics, first-generation antipsychotics, cholinergic enhancers, an antiepileptic agent, an inhaled anesthetic, injectable sedatives, and a benzodiazepine. Four trials evaluated delirium treatment and suggested no differences in efficacy or safety among the evaluated treatment methods (first and second generation antipsychotics). Neither cholinesterase inhibitors nor procholinergic drugs were effective in preventing delirium. Multiple studies, however, suggest either shorter severity and duration, or prevention of delirium with the use of haloperidol, risperidone, gabapentin, or a mixture of sedatives in patients undergoing elective or emergent surgical procedures.
CONCLUSION:
The existing limited data indicates no superiority for second-generation antipsychotics over haloperidol in managing delirium. Although preliminary results suggest delirium prevention may be accomplished through various mechanisms, further studies are necessary to prove effectiveness.
INTRODUCTION
Delirium or acute confusional state is a disturbance in consciousness with reduced ability to focus, sustain, or shift attention that occurs over a short period of time and tends to fluctuate over the course of the day. 1 It is estimated that among 13 million patients aged 65 and older who were hospitalized in 2002, 2 10% to 52% had delirium during their hospitalization. 3 Delirium is associated with increased mortality, poorer functional status, limited rehabilitation, increased hospital acquired complications, prolonged length of hospital stay, increased risk of institutionalization, and higher health care expenditures. 3 Acute illness is considered the cornerstone of delirium pathogenesis and is usually triggered by multiple etiologies such as infection, hypoxia, hypoperfusion, trauma, and recent surgeries. [4] [5] [6] The stress of an acute illness leads to various metabolic changes that alter the availability of valuable amino acids from plasma to the brain, in turn modifying the cerebral neurotransmission, and leading to the secretion of cytokines. 4, [7] [8] [9] Therefore, attention to the underlying triggers of the acute illness suffered by patients with delirium and restoring the brain's imbalanced neurotransmission provide the most logical management approach for delirium, rather than interventions aimed at managing the symptoms of delirium. systematic reviews were published to review the efficacy of pharmacological management of delirium 13, 14 . These reviews did not limit inclusion to randomized control trials, excluded delirium prevention, and did not include recent clinical trials that were published in the past two years. We conducted a systematic evidence review of the existing literature to update literature reviews and evaluate the efficacy and safety of the various pharmacological interventions targeting either prevention or treatment of delirium, with a goal of assisting the clinician in appropriate selection of pharmacologic therapy in vulnerable hospitalized patients. 
DATA SOURCES

REVIEW METHODS
We included any randomized controlled clinical trial that evaluated pharmacologic interventions for the symptomatic control or prevention of delirium using either placebo or activecontrol comparators. We excluded studies that enrolled patients aged < 18, patients with current or past Axis I psychotic disorders and those that evaluated interventions for alcohol-related delirium (Fig. 1 ). Titles and abstracts were screened by three reviewers (NC, AA and MB). Copies of full text of the potentially relevant studies and clinical trials were also assessed for inclusion in this review. Bibliographies and references of relevant articles were further screened for other pertinent studies. Any disagreements related to either inclusion or exclusion criteria were resolved by discussions between the reviewers. References of included studies were manually reviewed and articles citing these studies were also considered using appropriate databases and journals. Authors of the included studies were also contacted either through phone or email when it was considered necessary for data extraction.
The methodological quality of each study was independently assessed by three reviewers (NC, AA and MB) using the JADAD scale 15 . This scale assesses parameters that are critical to the scientific credibility of a clinical trial. This scale allocates a score to each study between 0-5, with higher scores indicating a higher quality in the conduct and/or reporting of the trial 15 .
The studies included in this review were heterogeneous in regard to their interventions, control, clinical setting, and population and therefore were not appropriate to merge into a pooled meta-analytic summary.
RESULTS
Our search strategies identified 45,903 potential studies. We excluded all but thirteen studies as they did not fulfill the inclusion criteria for our systematic evidence review (SER) and used the remaining data to answer our research question (Table 1) . Of those meeting our inclusion criteria, three studies prospectively compared haloperidol with other antipsychotics (chlorpromazine 16 , risperidone 17 , and olanzapine 19 ) or a benzodiazepine (lorazepam 16 ). One study was included that compared the antipsychotics amisulpride and quetiapine 18 .
No study was identified that compared a pharmacologic intervention with placebo in the treatment of delirium in hospitalized adults. Nine prospective, prevention studies were included with comparisons made between donepezil 20,21 , haloperidol 22 , citicoline 23 , risperidone 26 , gabapentin 27 , nitrous oxide 28 , a combination of sedatives 25 , and placebo. One other study was identified that compared the use of dexmedetomidine with lorazepam for sedation in critically ill patients 24 .
Pharmacologic Management of Delirium
Our search strategy identified four studies that evaluated the pharmacologic management of delirium in hospitalized adults [16] [17] [18] [19] . Each study compared either first-or secondgeneration antipsychotics or benzodiazepines in the management of patients diagnosed with delirium. Studies included in our review evaluated patients with a range of mean ages from 23-75 years with a variety of medical and surgical needs. In general, more males were included in the total study population than females, and most patients were admitted for surgical procedures. The range of study duration was five to seven days. One study performed by Breitbart and colleagues 16 , included only patients with a history of AIDS who were admitted with an acute medical illness. Although assessment measures were not consistently reported, the frequency of response was high for all treatment groups (75% with Memorial Delirium Assessment Scale scores less than thirteen 17 , 80% of patients had a 50% reduction in Delirium Rating Scale-R-98 18 ). Reduction in delirium severity occurred as early as a few hours after initiation of the designated treatment method 16 or up to 96 hours after treatment initiation 17 . Further improvement in delirium symptoms was rarely documented beyond the fourth study day (see Table 2 ).
Although dose-ranging studies have not evaluated higher and lower doses of antipsychotics, results from studies in patients with delirium reveal improvement in delirium symptoms with lower doses of antipsychotics (see Table 1 ). Most studies included in the review allowed for blinded dose titration when symptoms were not controlled, though the mean doses remained low for all studies. Adverse events were rare across all study participants, with no evidence of serious extrapyramidal symptoms in any treatment group. Only one study group, the lorazepam treatment arm in the study by Breitbart and colleagues 16 , noted significant differences in sedation and confusion that required intervention, and prematurely ended enrollment in this treatment arm. No study reported changes in electrocardiogram for any treatment arm in studies comparing active interventions with placebo.
The study quality varied significantly amongst studies evaluating delirium treatment. Whereas Breitbart and colleagues 16 accounted for appropriate study design measures, JADAD scores in other studies were limited by the lack of description of randomization and blinding techniques used. Studies without randomized patient allocation or appropriately blinded interventions and outcome measurement should be interpreted with much caution.
Prevention of Delirium
Nine studies were included that met our search criteria and evaluated pharmacologic interventions in preventing delirium in hospitalized adults. Patients included in the prevention studies were generally older than those included in the treatment studies (age range in treatment studies: 23-75 years; age range in prevention studies: 45-95), and were admitted to the hospital primarily for surgical procedures (only patients enrolled in one study included patients with an acute medical illness 24 ). Four studies included patients undergoing elective or emergent orthopedic surgeries, one study each enrolled patients undergoing cardiac procedures, spinal surgery, or gastric or colon resection surgery. Finally, one study evaluated older patients admitted to surgical services for any non-cardiac surgery, evaluating any difference in delirium between those who received nitrous oxide with oxygen or oxygen alone during the surgical procedure 28 . Only two studies stated exclusions of patients with baseline cognitive dysfunction (MMSE) 21 or severe dementia (IQCODE) 24 . Kalisvaart et al. 22 recognized four risk factors for delirium (visual impairment, APACHE II scores > 16, MMSE < 24, and dehydration) and included only patients with at least one risk factor for delirium. All other studies included in this review did not identify baseline cognitive performance, and therefore did not stratify study endpoints based on cognitive function. The study by Kalisvaart and colleagues 22 did not show a significant difference in delirium prevention with the use of low-dose haloperidol in a population at high risk of developing delirium, although reductions in delirium severity, duration, and hospital length of stay were noticed. Conversely, a study in cardiac surgery patients randomized to either one dose of risperidone upon awakening after the procedure identified a difference in delirium incidence when compared to those receiving placebo 26 . The investigators of this study did not report delirium severity, duration, or hospital length of stay (see Table 2 ). Two studies evaluated donepezil 20, 21 , and one study evaluated citicoline 23 (a precursor of acetylcholine) in the prophylaxis of delirium with results consistently showing no benefit of the cholinergic enhancement in preventing delirium. Donepezil was administered 14 days prior to and following the surgical procedure in one study 20 , and on the day of surgery and 3 days following the procedure in the other study 21 . Similarly, citicoline use was started on the day of surgery and continued for three days, with no significant difference identified in delirium outcomes. Studies that did find a significant difference in the incidence of delirium 22, 24, [25] [26] [27] started the intervention on the day of surgery, and continued up to three days postoperatively. One study finding a significant reduction in the incidence of delirium 26 used only one dose of risperidone one time only following cardiovascular surgery. Two articles compared non-traditional pharmacologic agents as potential targets in reducing the incidence of delirium in intensive care units: 1) sedative use in ventilated patients in the ICU 25 , and 2) a comparison of intra-operative agents used for general anesthesia during non-cardiac surgical procedures 28 (Table 2) . Investigators in the first study evaluated whether sedation with either dexmedetomidine or lorazepam would result in any difference in postoperative cognitive outcomes 24 . Study results found no difference in delirium incidence, though a difference was identified in the combination of delirium-free and coma-free days alive. Other relevant outcomes favored dexmedetomidine, however lacked statistical significance to support clear superiority. The second study also did not result in a significant difference in delirium outcomes between inhaled anesthesia strategies, though did draw associations between the use of patient-controlled analgesia and benzodiazepine use on post-operative days 1 or 2 with a higher risk of developing delirium 28 . Finally, sleep-wake cycles and pain management were evaluated as potential targets in the reduction of delirium following surgical procedures 25, 27 . Both early restoration of sleep cycles with the use of a multi-drug benzodiazepine/ opiate combination, and pain management with gabapentin postoperatively reduced the incidence of delirium, though hospital length of stay was not different between the intervention and usual care groups in each study. Both studies were limited by small sample sizes, and the lack of a description of the randomization method further limited the results in the sleep-cycle study 25 .
DISCUSSION
Pharmacologic management of delirium was evaluated primarily by the use of antipsychotic medications with no identifiable, consistent differences in efficacy and tolerability between firstand second-generation antipsychotics. One study identified a difference in tolerability between antipsychotics and benzodiazepines, suggesting that benzodiazepines be avoided in the delirious population. 16 Similarly, pharmacologic treatments for the prevention of incident delirium in hospitalized patients have resulted in controversial outcomes. We found inconsistent results in the development of delirium, with one study suggesting that the duration and severity of delirium symptoms appear to be reduced in patients given haloperidol 22 . Two trials with donepezil 20, 21 , and one with a cholinergic precursor 23 , have consistently shown no impact on the development of delirium symptoms when administered to patients undergoing orthopedic surgical procedures.
The studies included in our review enrolled both patients with and without baseline cognitive impairment. Although baseline cognitive function has been recognized as a risk factor for the development of delirium 3 , no study stratified outcomes based on patient's baseline cognitive status. Studies also inconsistently reported differences in hospital length of stay.
Whereas one study identified a statistically significant difference in hospital length of stay when given haloperidol for the prevention of delirium 22 , another study identified a difference in hospital length of stay only between those who experienced delirium and those who did not, though this difference was not statistically different 26 .
Our systematic review identified several similar reports as those recognized in two recently published reviews 13, 14 . Seitz and colleagues used similar search criteria and included 14 studies in their analysis 13 . Their results evaluated singleagent, non-comparison trials in addition to comparison trials, whereas our search included only comparison studies. The authors identified similar methodological limitations to the available literature as described below, most notably the lack of a placebo comparator. However, the authors recognized that patients exposed to antipsychotics during an acute delirious event did show signs of improvement in nearly all studies. Lacasse and colleagues also identified comparison studies of delirium management in acute settings 14 , though both reviews excluded studies aimed at delirium prevention. As in our review, these reports have described an improvement in delirium symptoms following the use of antipsychotic medications, with no particular agent proving superior to others that have been studied. Similarly, our review supports the recommendations of delirium management as previously published through the American Psychiatric Association (APA) 29 and the Society of Critical Care Medicine (SCCM) 30 . The APA recommends lowdose haloperidol as a first-line agent in the symptomatic management of delirium episodes, with few comparisons of newer second-generation antipsychotic medications included in their evaluation 29 . Our review supports the use of haloperidol as the first-line agent in delirium management based on similar results achieved when first-generation and secondgeneration antipsychotics were compared in head-to-head trials. SCCM guidelines suggest dose titration of haloperidol with the possible need of continuous infusion to control delirium symptoms 30 ; however, our review identified no studies that evaluated the use of continuous infusions of haloperidol, and in fact utilized mean daily doses of no more than 6.5 mg, much lower than the range suggested in the critical care guidelines. Our search results suggest that benzodiazepines should not be considered in delirium in patients without a history of psychiatric illness or alcohol withdrawal due to poor outcomes and limited use in the literature included in this review. Multiple limitations of this review exist that limit the interpretation of this collected data set. First, several of the available studies lacked or failed to report standard methods of randomization processes and blinding techniques, potentially contaminating their results. Notably, studies that had higher JADAD scores were more likely to identify a difference in delirium incidence, severity, duration, or hospital length of stay. Secondly, the included studies also compared a variety of different pharmacologic interventions in different clinical settings, making universal conclusions regarding delirium management inconclusive. To date, no study has compared the pharmacologic management of delirium symptoms with placebo in hospitalized patients. Similarly, the included studies lacked uniformity in reporting delirium severity, duration and length of hospital stay. The studies included in the review were also limited by the utilization of small sample sizes, thereby exposing the risk of type II errors. No differences in treatment effect could be compared between populations with or without baseline cognitive impairment, those with hypoactive or hyperactive delirium, or those with emergent or elective surgical procedures. With the use of a heterogeneous set of population characteristics, interventions, and evaluation scales in evaluating delirium severity and change over time, it is impossible to pool results to improve the strength of recommendation for clinical practice.
Delirium is commonly encountered in hospitalized older patients especially in medical, surgical and critical care units. A lack of clinical data with strong evidence limits the ability to provide evidence-based recommendations for pharmacologic interventions in this population. In patients at risk for delirium or with identifiable signs of mental status changes, screening with the Confusion Assessment Method (CAM/CAM-ICU) is recommended to confirm a diagnosis of delirium 29, 30 . When appropriate, non-pharmacologic interventions should be performed to minimize the burden of delirium on hospital complications. Haloperidol has been the most widely used and studied agent in hospitalized delirium with suggested benefits in reducing symptom severity and duration of preexisting delirium episodes. The second-generation antipsychotics may be an alternative in patients who are not candidates for or who do not tolerate first-generation antipsychotics, though the class has shown no benefit over the first-generation antipsychotics on either efficacy or safety parameters in delirium trials. Because of the risks of cardiovascular and musculoskeletal toxicities, the use of antipsychotics in patients with delirium should be continuously evaluated to minimize the potential for toxicity or over-sedation. The current literature lacks well-designed studies comparing interventions in a controlled environment. Future studies should include appropriate randomization and blinding techniques with adequate sample sizes to ensure accurate and reproducible outcome measurement. Several specific research questions should be addressed, including the most appropriate dose, duration, and time to initiate agents for delirium treatment. Similarly, appropriate prevention interventions should be evaluated with adequately designed studies specifically targeting pain management, sleep cycle restoration, and antipsychotic use as potential targets to reduce delirium episodes.
